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Impact of implementing performance-based
financing on childhood malnutrition in Rwanda
Agnes Binagwaho1,2,8, Jeanine Condo3*, Claire Wagner4, Fidele Ngabo1, Corine Karema5, Steve Kanters6,
Jamie I Forrest6 and Jean de Dieu Bizimana7
Abstract
Background: Malnutrition remains a serious concern in Rwanda, particularly among children under-5 years.
Performance-based financing (PBF), an innovative health systems financing strategy, has been implemented at the
national level since 2008. This study aimed to assess the impact of PBF and other factors associated with the
prevalence of three classifications of malnutrition (stunting, wasting and underweight) in children under-5 years in
Rwanda.
Methods: The study is a cross-sectional study comprising of 713 children under five years old from 557 households,
whose anthropometric measurements (height, weight and age) had been obtained as part of the 2008 Rwanda
General Health and HIV household survey. Z-scores for height-for-age, weight-for-age, weight-for-height, and body
mass index-for-age were analyzed according to the World Health Organization 2006 Child Growth Standards. Random
intercept logistic regression models were used to regress each anthropometric measure (WAZ, HAZ and WHZ) against
child, maternal and household characteristics.
Results: Child participants ranged in age from 0 to 60 months, 20.2% of children were under 12 months and 5.1%
were HIV positive. The prevalence of wasting was 8.8%; of stunting was 58.4%; and of underweight status was 20.7%.
Maternal emotional and social wellbeing was protective of wasting in children under-5 years of age. Living in districts
implementing PBF was protective of wasting (Adjusted Odds Ratio: 0.43; 95% confidence interval: 0.19-0.97). Living in a
district with PBF was not found to be associated with either stunting or underweight status among children under-5.
Conclusions: PBF may have a protective association with particular forms of malnutrition among children under-5 years
in Rwanda. These findings warrant further investigation in relation to the impact of implementing innovative financing
schemes on health outcomes.
Keywords: Malnutrition, Maternal health, Child health, HIV/AIDS, Performance-based financing
Background
Malnutrition remains a serious concern in Rwanda, like
many regions in Africa. The continent is home to more
than 31 million underweight children who dispropor-
tionately suffer from infection due to depressed immune
function; indeed malnutrition accounts for more than
one-third of post-natal deaths [1]. In Rwanda, under-
nutrition can be attributed to about half of all pediatric
deaths [2]. Although the sequelae of underweight status
among children has been well-defined in recent decades,
the causes of childhood malnutrition are complex and
influenced by many contextual factors ranging from pol-
itical instability to limited accessibility of food.
Following the genocide against the Tutsi in 1994,
Rwanda faced a massive loss of health professionals and a
destruction of health infrastructure [3]. Over the past two
decades since the genocide, health outcomes in Rwanda
have improved drastically. Expanded access to health facil-
ities, clinicians, and community health workers, as well as
international funding channeled toward broader systems
strengthening efforts have led to precipitous declines in
premature mortality among children under-five years [4].
Rwanda seems now on track to meet each of the health-
related United Nations Millennium Development Goals
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[3]. However, child malnutrition has persisted in Rwanda
and serious investigation into the causes is warranted.
One strategy that has demonstrated potential to im-
prove health outcomes is performance-based financing
(PBF) [5,6]. PBF or pay-for-performance (P4P) is a
health system financing strategy that Rwanda has im-
plemented in the last decade [7]. In early 2000, donor
support, aimed at rebuilding the country’s physical
infrastructure, had begun to decline and user fees
were reintroduced, resulting in decreased health care
utilization, poor coverage, and inadequate incentives
for health care providers. PBF operates by transferring
money condition upon taking measureable action or
achieving predetermined performance targets [8]. In
Rwanda, the program was initially introduced between
2002 and 2004 in pilot districts and scaled-up to the
national level in 2006, made possible due to Rwanda’s
commitment to good government, which has been
identified as an essential component to the success of
the PBF approach [9].
Among the known associations with childhood malnu-
trition, maternal HIV status is thought to play an im-
portant role in countries where HIV/AIDS is endemic.
The perinatal nutritional status of HIV positive mothers
has been shown to be associated with infant birth
weight, and the weight and development of her child
from birth to adolescence [10]. A few studies have dem-
onstrated a high prevalence of malnutrition among
children of HIV positive mothers [11-13]. However, a
study conducted in the Democratic Republic of Congo
(DRC) suggested that maternal immunological and so-
cioeconomic conditions had no significant impact on
the child’s malnutrition status. Rather, the child’s sero-
status and not the mothers, was the strongest deter-
minant of malnutrition [14]. Similar results to the study
in the DRC have been demonstrated in Malawi and
Uganda [15,16].
Therefore, it is crucial that the Rwandan health sector
identifies its own correlates of malnutrition, taking into
account the findings of other sub-Saharan African coun-
tries. Our study aimed to assess the impact of the PBF
approach and other factors, including maternal HIV sta-
tus, on the prevalence of three classifications of malnu-
trition (stunting, wasting and underweight) in children
under-5 years in Rwanda.
Methods
Study design
The study was conducted by the University of Rwanda,
School of Public Health, in collaboration with The
World Bank, the Rwanda Ministry of Health and Insti-
tuto Nacional de Salud Pública (INSP) of Mexico. The
current assessment took advantage of a prospective,
quasi-experimental design that evaluated the national
expansion of the PBF program over 2006 and 2008. PBF
built on existing contracts between government health
authorities and health care providers and were scaled-up
nationally in 2008. In 2005, districts that did not have a
PBF scheme in their health facilities were identified and
phased into the program. In brief, these districts were
randomly assigned to two stages: phase I (districts which
began receiving PBF in 2006) and phase II (districts
which began receiving PBF in 2008). Phase 0 districts
were those that had implemented PBF in the pilot phase
prior to 2006. A detailed description of the methodology
for the evaluation of PBF in Rwanda is documented else-
where [5].
Study participants
Data on status of malnutrition was taken from the
interviewer-administered Rwanda General Health and
HIV household survey that collected information on
demographics, socio-economic characteristics and re-
corded children’s anthropometric measurements in 2006,
when there were three phases of the PBF intervention:
phase 0 (implemented PBF in 2002 pilot), phase I (imple-
mented PBF in 2006) and phase II districts (implemented
PBF in 2008). This household survey was administered to
a sample of HIV positive patients and their households,
and a smaller set of neighboring households. HIV/AIDS
patients were identified either by contacting the health fa-
cility where they received care or via association of People
Living With HIV/AIDS (PLWHA). They were randomly
selected proportional to the number of HIV positive
patients registered with health facilities delivering HIV
prevention and treatment services. Informed consent
was obtained from the patients before interviewing
their household. Children were included in this ana-
lysis if measurements for height and weight were ob-
tained and they resided in a district where PBF was
implemented at the time (phase 0 or phase I) or not
yet implemented (phase II).
Data collection and variables
Nutritional status of participants was evaluated by
means of anthropometric indices calculated on the basis
of the child’s age, height and weight measurements. Dur-
ing home visits, height and weight of children were mea-
sured and recorded using a height gauge and a scale.
The age was calculated in months starting from the date
of birth to the day of participation in this study. The Z-
scores for height-for-age (HAZ), weight-for-age (WAZ),
weight-for-height (WHZ), and body mass index-for-age
(BMI/A) were computed based on the World Health
Organization (WHO) 2006 Child Growth Standard [17].
The interviews were conducted with a child’s mother
or primary caregiver to obtain demographic and other
health-related information.
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The anthropometric indices above served as the out-
comes for this analysis. We classified children nutritional
status using a cutoff Z-score of below negative two (−2)
standard deviations from the median of the reference
population (Z-score < −2) according to the 2006 WHO
Growth Reference Chart. Scores below −2 led to under-
weight, stunted or wasted children. Missing values were
given for children with unknown dates of birth and for
outlier z-scores: WAZ > 5 or WAZ < −6; HAZ > 6 or
HAZ < −6; WHZ > 5 or WHZ < −5 SD. Explanatory vari-
ables were measured at child level (sex, age, health in-
surance, HIV status and recent illness), mother level
(age, education, marital status, HIV status, and emo-
tional social and physical functioning) and at the house-
hold level (parity, health expenditures and PBF).
Data analysis
Summary statistics were used to describe the distribu-
tions of key variables within the sample. We estimated
random intercept logistic regression models where each
anthropometric measure (WAZ, HAZ and WHZ) was
regressed against an indicator variable for whether the
child’s mother was HIV infected or not, a health facility
fixed effect, and a series of child, mother and household
characteristics. Multiple logistic regression models with
health facility fixed effect were used to evaluate the ef-
fect of mother’s HIV serological status on their children
nutrition status. Model I is adjusted for child character-
istics, model II is adjusted for child characteristics and
model III is adjusted for child characteristics, maternal
characteristics, household characteristics and whether
the household resided in a PBF district (phase I or 0).
No sensitivity analyses were performed and all data that
met the inclusion criteria was included. All analyses
were conducted in STATA version 11.0.
Ethics
The study protocol was approved by both the Rwandan
National AIDS Control Commission and the Rwandan
Ethical Committee.
Results
Sample description
A total of 713 children between 0 and 60 months from
557 households were included in our sample (Table 1).
Of these households, 89 (16%) were located in phase 0
districts, 233 (42%) in phase I, and 235 (42%) in phase II
districts. Of the total sample, 11.4% were under-6 months
of age and 8.7% were between 6 and 11 months. The
percentages of male and female children were similar. In
the sample, 5.1% of all children were HIV positive and
mother’s reported that 31.3% of children were sick in the
six months prior to the survey and/or were admitted to
hospital within the past 12 months. Almost 80% of child
participants had health insurance. The overall prevalence
of wasting was 9.0%, of stunting was 57.9%, and of
underweight status was 22.7%.
Associations with underweight, wasting and stunting
Results of the logistic regression models are presented in
Tables 2, 3 and 4 to model the outcomes of underweight,
stunting and wasting, respectively. Three models (I, II,
Table 1 Demographic and clinical characteristics of 762
children under-5 years from 557 unique households
Variable Count (%)*
Child characteristic
Age
0-5 months 81 (11.4)
6-11 months 62 (8.7)
12-23 months 117 (16.4)
24-35 months 152 (21.3)
36-47 months 146 (20.5)
48-60 months 155 (21.7)
Sex
Male 351 (49.2)
Female 362 (50.8)
Health insurance
No 146 (20.7)
Yes 558 (79.3)
HIV status
Negative 676 (94.9)
Positive 36 (5.1)
Recent illness
No 489 (68.7)
Yes 223 (31.3)
Performance-based financing
Lives in Phase II district 235 (42.0)
Lives in Phase 0 district 89 (16.0)
Lives in Phase I district 233 (42.0)
Outcome measure
Weight-for-age (Underweight)
<−2 SD 157 (22.7)
≥ − 2 SD 535 (77.3)
Height-for-age (Stunting)
<−2 SD 356 (57.9)
≥ − 2 SD 259 (42.1)
Weight-for-height (Wasting)
<−2 SD 56 (9.0)
≥ − 2 SD 569 (91.0)
*Totals do not necessarily add to total sample size given that missing values
were generated if Z-scores were grater than 5 in magnitude.
SD: Standard deviation.
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III) are presented for each of the malnutrition outcomes.
Of the variables tested, there were no significant associa-
tions with underweight children under-5 years (Table 2).
Table 3 shows that children of 12–23 months were signifi-
cantly more likely than children 0–5 months to be stunted
(Adjusted Odds Ratio [AOR]: 2.83; 95% Confidence Inter-
val [CI]: 1.33-5.92, in model III). Finally, children 12–23
months (AOR: 0.28; 95% CI: 0.08-0.96) and 48–60 months
(AOR: 0.17; 95% CI: 0.04-0.64) were significantly less likely
to be wasted compared to children 0–5 months.
Table 2 Three models of multivariable logistic regression
investigating factors associated with underweight
children under-5 years of age in Rwanda
I: AOR
(95% CI)
II: AOR
(95% CI)
III: AOR
(95% CI)
Child characteristics
Sex
Male 1.00 (−−) 1.00 (−−) 1.00 (−−)
Female 1.13
(0.79 – 1.62)
1.00
(0.68 - 1.48)
1.06
(0.71 - 1.58)
Age in months
0-5 months 1.00 (−−) 1.00 (−−) 1.00 (−−)
6-11 months 0.55
(0.24 - 1.28)
0.63
(0.26 - 1.55)
0.58
(0.23 - 1.46)
12-23 months 0.57
(0.28 - 1.18)
0.58
(0.26 - 1.28)
0.58
(0.26 - 1.30)
24-35 months 0.76
(0.38 - 1.51)
0.86
(0.41 - 1.79)
0.83
(0.39 - 1.76)
36-47 months 0.68
(0.34 - 1.38)
0.62
(0.29 - 1.33)
0.60
(0.27 - 1.32)
48-60 months 0.59
(0.30 - 1.16)
0.52
(0.24 - 1.15)
0.54
(0.24 - 1.19)
Health insurance
No 1.00 (−−) 1.00 (−−) 1.00 (−−)
Yes 0.96
(0.60 - 1.54)
1.05
(0.63 - 1.76)
1.09
(0.64 - 1.86)
HIV status
Negative 1.00 (−−) 1.00 (−−) 1.00 (−−)
Positive 1.17
(0.51 - 2.66)
1.38
(0.56 - 3.38)
1.30
(0.50 - 3.41)
Recent illness
No 1.00 (−−) 1.00 (−−) 1.00 (−−)
Yes 1.01
(0.67 - 1.53)
0.97
(0.63 - 1.50)
1.02
(0.65 - 1.59)
Maternal characteristics
Education
None 1.00 (−−) 1.00 (−−)
Primary 1.23
(0.76 - 2.00)
1.31
(0.80 - 2.16)
> Primary 0.90
(0.42 - 1.95)
0.84
(0.38 - 1.88)
Age (continuous) 1.00
(0.97 - 1.04)
1.00
(0.97 - 1.04)
Marital status
Married 1.00 (−−) 1.00 (−−)
Divorced/widowed 1.18 (0.71 -
1.95)
1.23
(0.73 - 2.06)
Never married 0.74
(0.35 - 1.57)
0.79
(0.37 - 1.70)
Table 2 Three models of multivariable logistic regression
investigating factors associated with underweight
children under-5 years of age in Rwanda (Continued)
HIV status
Negative 1.00 (−−) 1.00 (−−)
Positive 0.72
(0.46 - 1.12)
0.77
(0.49 - 1.22)
Emotional problems
No 1.00 (−−) 1.00 (−−)
Yes 1.00
(1.00 - 1.00)
1.00
(1.00 - 1.00)
Social functioning
High 1.00 (−−) 1.00 (−−)
Low 1.00
(0.99 - 1.01)
1.00
(0.99 - 1.01)
Physical health
Good 1.00 (−−) 1.00 (−−)
Poor 1.00
(1.00 - 1.00)
1.00
(1.00 - 1.00)
Household characteristics
Catastrophic health
expenditure
<20% income spent 1.00 (−−)
20% - 40% income spent 0.75
(0.31 - 1.84)
≥ 40% income spent 1.42
(0.61 - 3.32)
Have other children under
5 years
No 1.00 (−−)
Yes 1.16
(0.89 - 1.51)
Performance-based financing
Lives in Phase II district 1.00 (−−)
Lives in Phase 0 district 0.87
(0.48 - 1.59)
Lives in Phase I district 0.88
(0.57 - 1.35)
AOR: Adjusted Odds Ratio; CI: Confidence Interval.
I: Adjusted for child characteristics.
II: Adjusted for child characteristics and maternal characteristics.
III: Adjusted for child characteristics, maternal characteristics, household
characteristics and PBF.
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With respect to the main objective of the study, children
residing in a PBF implemented district were significantly
less likely to be stunted (AOR: 0.43; 95% CI: 0.19-0.97)
compared to districts that had not yet received the PBF
intervention. Neither of the other two forms of malnutri-
tion in children under-5 years (underweight and stunting)
were found to be significantly more or less likely to be
prevalent in a district with PBF. Lastly, our results show
Table 3 Three models of multivariable logistic regression
investigating factors associated with stunting among
children under-5 years of age in Rwanda
I: AOR
(95% CI)
II: AOR
(95% CI)
III: AOR
(95% CI)
Child characteristics
Sex
Male 1.00 (−−) 1.00 (−−) 1.00 (−−)
Female 0.90
(0.65 - 1.26)
1.03
(0.73 - 1.46)
1.01
(0.71 - 1.44)
Age in months
0-5 months 1.00 (−−) 1.00 (−−) 1.00 (−−)
6-11 months 1.35
(0.62 – 2.92)
1.28
(0.57 - 2.87)
1.25
(0.56 - 2.81)
12-23 months 2.70
(1.33 - 5.49)
2.78
(1.31 - 5.92)
2.83
(1.33 - 5.92)
24-35 months 1.04
(0.54 - 2.01)
1.06
(0.53 - 2.12)
1.06
(0.53 - 2.12)
36-47 months 1.60
(0.83 - 3.08)
1.40
(0.70 - 2.81)
1.39
(0.69 - 2.80)
48-60 months 1.49
(0.79 – 2.83)
1.68
(0.84 - 3.38)
1.71
(0.85 - 3.45)
Health insurance
No 1.00 (−−) 1.00 (−−) 1.00 (−−)
Yes 0.83
(0.53 - 1.30)
1.01
(0.63 - 1.62)
1.02
(0.63 - 1.65)
HIV status
Negative 1.00 (−−) 1.00 (−−) 1.00 (−−)
Positive 1.82
(0.76 - 4.36)
1.55
(0.59 - 4.05)
1.59
(0.60 - 4.18)
Recent illness
No 1.00 (−−) 1.00 (−−) 1.00 (−−)
Yes 1.10
(0.75 - 1.51)
1.03
(0.70 - 1.52)
1.04
(0.70 - 1.55)
Maternal characteristics
Education
None 1.00 (−−) 1.00 (−−)
Primary 1.21
(0.77 - 1.89)
1.27
(0.81 - 1.99)
> Primary 1.09
(0.56 - 2.13)
1.12
(0.57 - 2.18)
Age (continuous) 0.99
(0.96 - 1.03)
0.99
(0.96 - 1.03)
Marital status
Married 1.00 (−−) 1.00 (−−)
Divorced/widowed 1.08
(0.69 - 1.70)
1.10
(0.69 - 1.74)
Never married 1.04
(0.54 - 2.00)
1.00
(0.51 - 1.96)
Table 3 Three models of multivariable logistic regression
investigating factors associated with stunting among
children under-5 years of age in Rwanda (Continued)
HIV status
Negative 1.00 (−−) 1.00 (−−)
Positive 1.07
(0.72 - 1.59)
1.08
(0.72 - 1.62)
Emotional problems
No 1.00 (−−) 1.00 (−−)
Yes 1.00
(1.00 - 1.01)
1.00
(1.00 - 1.01)
Social functioning
High 1.00 (−−) 1.00 (−−)
Low 1.00
(0.99 - 1.01)
1.00
(0.99 - 1.01)
Physical health
Good 1.00 (−−) 1.00 (−−)
Poor 1.00
(1.00 - 1.00)
1.00
(1.00 - 1.00)
Household characteristics
Catastrophic health
expenditure
<20% income spent 1.00 (−−)
20% - 40% income spent 0.93
(0.45 - 1.91)
≥ 40% income spent 0.82
(0.34 - 1.95)
Have other children under
5 years
No 1.00 (−−)
Yes 1.10
(0.86 - 1.4)
Performance-based financing
Lives in Phase II district 1.00 (−−)
Lives in Phase 0 district 0.90
(0.55 - 1.48)
Lives in Phase I district 0.98
(0.67 - 1.44)
AOR: Adjusted Odds Ratio; CI: Confidence Interval.
I: Adjusted for child characteristics.
II: Adjusted for child characteristics and maternal characteristics.
III: Adjusted for child characteristics, maternal characteristics, household
characteristics and PBF.
Bold typeface indicates factors significantly associated with malnutrition at the
0.05 significance level.
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that maternal HIV infection had no significant effect on
any forms of childhood malnutrition measured in our
study.
Discussion
This study investigated the impact of PBF and other
factors associated with three forms of malnutrition
(underweight, stunting and wasting) among children
Table 4 Three models of multivariable logistic regression
investigating factors associated with wasting among
children under-5 years of age in Rwanda
I: AOR
(95% CI)
II: AOR
(95% CI)
III: AOR
(95% CI)
Child characteristics
Sex
Male 1.00 (−−) 1.00 (−−) 1.00 (−−)
Female 0.94
(0.53 - 1.65)
0.68
(0.36 - 1.30)
0.64
(0.33 - 1.23)
Age in months
0-5 months 1.00 (−−) 1.00 (−−) 1.00 (−−)
6-11 months 0.44
(0.13 - 1.53)
0.50
(0.14 - 1.85)
0.42
(0.11 - 1.60)
12-23 months 0.26
(0.08 – 0.80)
0.28
(0.08 - 0.96)
0.28
(0.08 - 0.96)
24-35 months 0.53
(0.20 - 1.43)
0.51
(0.17 - 1.50)
0.45
(0.15 - 1.36)
36-47 months 0.42
(0.15 - 1.15)
0.43
(0.14 - 1.32)
0.38
(0.12 - 1.20)
48-60 months 0.35
(0.13 - 0.95)
0.20
(0.06 - 0.71)
0.17
(0.04 - 0.64)
Health insurance
No 1.00 (−−) 1.00 (−−) 1.00 (−−)
Yes 0.95
(0.46 - 1.98)
0.84
(0.37 - 1.89)
0.85
(0.37 - 1.93)
HIV status
Negative 1.00 (−−) 1.00 (−−) 1.00 (−−)
Positive 0.89
(0.25 - 3.19)
0.80
(0.16 - 3.89)
1.00
(0.20 - 5.03)
Recent illness
No 1.00 (−−) 1.00 (−−) 1.00 (−−)
Yes 1.46
(0.80 - 2.68)
1.29
(0.65 - 2.56)
1.21
(0.60 - 2.44)
Maternal characteristics
Education
None 1.00 (−−) 1.00 (−−)
Primary 0.68
(0.32 - 1.43)
0.73
(0.34 - 1.56)
> Primary 0.62
(0.18 - 2.13)
0.64
(0.18 - 2.22)
Age (continuous) 0.98
(0.93 - 1.03)
0.98
(0.92 - 1.04)
Marital status
Married 1.00 (−−) 1.00 (−−)
Divorced/widowed 1.26
(0.59 - 2.38)
1.24
(0.56 - 2.72)
Never married 0.93
(0.29 - 2.96)
0.77
(0.23 - 2.54)
Table 4 Three models of multivariable logistic regression
investigating factors associated with wasting among
children under-5 years of age in Rwanda (Continued)
HIV status
Negative 1.00 (−−) 1.00 (−−)
Positive 1.37
(0.64 – 2.93)
1.28
(0.59 - 2.77)
Emotional problems
No 1.00 (−−) 1.00 (−−)
Yes 0.99
(0.98 - 1.00)
0.99
(0.98 - 1.00)
Social functioning
High 1.00 (−−) 1.00 (−−)
Low 0.99
(0.98 - 1.00)
0.99
(0.98 - 1.00)
Physical health
Good 1.00 (−−) 1.00 (−−)
Poor 1.00
(1.00 - 1.00)
1.00
(1.00 - 1.00)
Household characteristics
Catastrophic health
expenditure
<20% income spent 1.00 (−−)
20% - 40% income spent 1.08
(0.27 – 4.32)
≥ 40% income spent 1.77
(0.44 – 7.04)
Have other children
under 5 years
No 1.00 (−−)
Yes 0.98
(0.68 – 3.23)
Performance-based financing
Lives in Phase II district 1.00 (−−)
Lives in Phase 0 district 1.48
(0.68 - 3.23)
Lives in Phase I district 0.43
(0.19 - 0.97)
AOR: Adjusted Odds Ratio; CI: Confidence Interval.
I: Adjusted for child characteristics.
II: Adjusted for child characteristics and maternal characteristics.
III: Adjusted for child characteristics, maternal characteristics, household
characteristics and PBF.
Bold typeface indicates factors significantly associated with malnutrition at the
0.05 significance level.
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under-5 years in Rwanda. We specifically hypothesized a
protective association between malnutrition and the im-
plementation of PBF after controlling for maternal HIV
status. Our study found that children born to HIV-
infected mothers were no more likely to be malnour-
ished than children born to HIV-negative mothers and
that children residing in districts that had implemented
the PBF scheme were significantly less likely to meet the
criteria for wasting.
These findings are generally supported by existing lit-
erature on PBF. PBF aims to increase access to care, and
increase patient utilization of preventive care services,
thus improving health service delivery. Similarly, Basinga
and colleagues found that PBF in Rwanda improved both
the use of maternal and child health services [5]. The
authors’ model showed that facilities receiving PBF had
a 23% increase in the number of institutional deliveries
and increases in the number of preventive care visits by
children aged 23 months or younger and between
24 months and 59 months. Although we only observed a
relationship between PBF and one form of malnutrition,
the significantly protective association with wasting can
most likely be attributed to an increased number of
visits and engagement with the health system in districts
with PBF. Malnutrition is not often a condition in which
mothers often seek care for their children and many
forms of the condition remain under-diagnosed [2].
However, we hypothesize that the implementation of
PBF has led to an increase in preventative service visits
in which a health care provider may recognize wasting
children and intervene appropriately. In contrast to
stunting and underweight, which are typically treated as
more chronic conditions, wasting is generally considered
a more acute form of malnutrition. An increase in pre-
ventative service visits, as speculated under the PBF
scheme may allow for the treatment of wasting by a
health care professional, while underweight and stunting
take longer to address the chronic underlying causes of
disease.
Our finding of associations between wasting and stunt-
ing and age of the child is well supported in the litera-
ture. Infants often do not receive sufficient nutrients in
the breastfeeding weaning period, which often consists
of foods with substandard levels of macro- and micronu-
trients [18]. Weaning foods high in starch and low in en-
ergy density affect the child’s likelihood of being
marasmic – a condition also in positive correlation with
stunting. Studies in the East Africa region have found
that older children have a higher prevalence of stunting
than children who are younger even after controlling for
urban and rural differences in feeding practice [19]. It is
clear that the onset of stunting may occur early on, yet
may not be detected until the infant is at least 12 months
old [20], which aligns with our findings that children
between 12–24 months old were more likely to be
stunted than children who were under 6 months old.
Other studies have had similar conclusions regarding the
mental and socioeconomic wellbeing of the mother and
the nutritional status of her child [21,22].
One limitation of this study is that there were a num-
ber of confounding factors during the time of PBF scale-
up, including increased health insurance coverage
(Mutuelles de Santé) and overall improvements in the
healthcare system [7]. However, when access to health
insurance was controlled for, our study found no associ-
ation between health insurance access and childhood
malnutrition. A review of the literature on performance-
based payments for the purpose of improving health ser-
vice delivery found similarly mixed results. These au-
thors noted that more research needs to be done using
case studies or comparative studies between facilities
where PBF is implemented, and where it is not [23]. In
our study in Rwanda, persons in all districts have access
to health insurance, therefore differences between differ-
ent districts might correlate with presence or absence of
PBF (among other factors), but would not correlate with
access to health insurance. Our study also observed
some marked differences in the prevalence HIV with
that which is known for the population of Rwanda. First,
5.1% of the children were HIV positive while the Center
for Treatment and Research on AIDS, Malaria, Tubercu-
losis and Other Epidemics (TRAC Plus) reports that in
2008, 7.0% of infants born to HIV-infected mothers
tested positive for HIV at 18 months [24]. Given that
HIV status was self-reported by mothers rather than par-
ticipant tested, this could account for the difference and
is a recognized limitation to our study. Finally, our study
observed much more stunting (58.42%) than results
found in the RDHS 2005 (45% below −2 standard devia-
tions) [25]. Nonetheless, as this was a study to better
understand associations between variables, having over-
sampled stunted children should have minimal impact
on the validity of the study.
Conclusions
In summary, our study has shown a protective associ-
ation between implementing PBF, an innovative health
financing scheme, and wasting among children in
Rwanda. We did not, as expected, reveal a relationship
between maternal sero-positivity and child malnutrition.
Child malnutrition remains a critical problem in Rwanda
and further studies are needed to explore additional as-
sociated factors and evaluate the effectiveness of inter-
ventions, such as PBF, on reducing the burden of
childhood malnutrition. We add to the literature a call
to support better mental, emotional, and social wellbeing
assessments at every clinical visit; and advocate that
health care workers be better equipped with training in
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psychosocial assessment and support. With respect to
PBF, it is clear that more research is needed in order to
make more detailed recommendations on the impact of
PBF on specific health outcomes. We recommend a
more thorough evaluation of the impact of implement-
ing PBF in Rwanda on malnutrition and other preventive
health services.
Competing interests
Funding for this study was supported by the World Bank. Jean de Dieu
Bizimana has previously consulted for the World Bank. No other authors
have competing interests to declare.
Authors’ contributions
AB, JC and JB conceived of the original manuscript idea and wrote the first
draft. AB, CW, FN, CK and JB performed the statistical analyses and
contributed to the first draft. SK, JC and JIF, reviewed the statistical
methodologies, led the manuscript revisions, subsequent drafts and
submission process. All authors approved the final version for submission.
Acknowledgement
The authors would like to acknowledge Paul Gertler, Paulin Basinga, Jennifer
Sturdy, Damien Dewalque, Sergio Bautista, Agnes Soucat. Louis Rusa, Claude
Sekabaraga and Christelle Vermeersch for their support in helping facilitate
the study and providing inputs throughout the study implementation.
Author details
1Ministry of Health, Government of Rwanda, Kigali, Rwanda. 2Department of
Global Health and Social Medicine, Harvard Medical School, Boston, USA.
3University of Rwanda, College of Medicine and Health Sciences, School of
Public Health, Kigali, Rwanda. 4Global Health Delivery Partnership, Boston,
USA. 5Malaria & Other Parasitic Diseases Division- RBC, Kigali, Rwanda.
6School of Population and Public Health, University of British Columbia,
Vancouver, Canada. 7World Bank, Washington, DC, USA. 8Geisel School of
Medicine, Dartmouth College, Hanover, USA.
Received: 25 June 2014 Accepted: 24 October 2014
Published: 4 November 2014
References
1. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de Onis M, Ezzati M,
Grantham-McGregor S, Katz J, Martorell R, Uauy R, Maternal and Child
Nutrition Study Group: Maternal and child undernutrition and
overweight in low-income and middle-income countries. Lancet 2013,
382(9890):427–451.
2. Binagwhao A, Agbonyitor M, Rukundo A, Ratnayake N, Ngabo F, Kayumba J,
Dowdie B, Chopyak E, Smith Fawzi MC: Underdiagnosis of malnutrition in
infacts and young children in Rwanda: implications for attainment of the
Millenium Devleopment Goal to end poverty and hunger. Int J Equity
Helath 2011, 10(1):61.
3. Binagwaho A, Farmer PE, Nsanzimana S, Karema C, Gasana M, de Dieu
Ngirabega J, Ngabo F, Wagner CM, Nutt CT, Nyatanyi T, Gatara M,
Kayiteshonga Y, Mugeni C, Mugwaneza P, Shema J, Uwaliraye P, Gaju E,
Muhimpundu MA, Dushime T, Senyana F, Mazarati JB, Gaju CM, Tuyisenge L,
Mutabazi V, Kayamanya P, Rusanganwa V, Nyemazi JP, Umutoni A, Kankindi
I, Ntizimira C, et al: Rwanda 20 years on: investing in life. Lacnet 2014,
384(9940):371–375.
4. Farmer PE, Nutt CT, Wagner CM, Sekabaraga C, Nuthulaganti T, Weigel JL,
Farmer DB, Habinshuti A, Mugeni SD, Karassi JC, Drobac PC: Reduced
premature mortality in Rwanda: lessons from success. BMJ 2013, 346:f65.
5. Basinga P, Gertler PJ, Binagwaho A, Soucat AL, Sturdy J, Vermeersch CM:
Effect on maternal and child health services in Rwanda of payment to
primary health-care providers for performance: an impact evaluation.
Lancet 2011, 377(9775):1421–1428.
6. Sekabaraga C, Diop F, Soucat A: Can innovative health financing policies
increase access to MDG-related services? Evidence from Rwanda. Health
Policy Plan 2011, 26(Suppl 2):ii52–ii62.
7. Rusa L, Ngirabega Jde D, Janssen W, Van Bastelaere S, Porignon D,
Vandenbulcke W: Performance-based financing for better quality of
services in Rwandan health centres: 3-year experience. Trop Med Int
Health 2009, 14(7):830–837.
8. Loevinsohn B, Harding A: Buying results? Contracting for health service
delivery in developing countries. Lancet 2005, 366(9486):676–681.
9. Basinga P, Mayaka S, Condo J: Performance-based financing: the need for
more research. Bull World Health Organ 2011, 89(9):698–699.
10. Adebami OJ, Oyedeji GA, Owa JA, Oyelami OA: Maternal factors in the
etiology of fetal malnutrition in Nigeria. Pediatr Int 2007, 49(2):150–155.
11. Berhane R, Bagenda D, Marum L, Aceng E, Ndugwa C, Bosch RJ, Olness K:
Growth failure as a prognostic indicator of mortality in pediatric HIV
infection. Pediatrics 1997, 100(1):E7.
12. Kuhn L, Kasonde P, Sinkala M, Kankassa C, Semrau K, Scott N, Tsai WY,
Vermund SH, Aldrovandi GM, Thea DM: Does severity of HIV disease in
HIV-infected mothers affect mortality and morbidity among their
uninfected infants? Clin Infect Dis 2005, 41(11):1654–1661.
13. Makassa M, Kasonka L, Chisenga M, Sinkala M, Chintu C, Tomkins A, Filteau
S: Early growth in infants of HIV-infected and uninfected Zambian
women. Trop Med Int Health 2007, 12(5):594–602.
14. Bailey RC, Kamenga MC, Nsuami MJ, Nieburg P, St Louis ME: Growth of
children according to maternal and child HIV, immunological and
disease characteristics: a prospective cohort study in Kinshasa,
Democratic Republic of Congo. Int J Epidemiol 1999, 28(3):532–540.
15. Crampin A, Floyd S, Glynn JR, Madise N, Nyondo A, Khondowe MM,
Jnoka CL, Kanyongoloka H, Ngwira B, Zaba B, Fine PE: The long-term
impact of HIV and orphanhood on the mortality and physical well-being
of children in rural Malawi. AIDS 2003, 17(3):389–397.
16. Nalwoga A, Maher D, Todd J, Karabarinde A, Biraro S, Grosskurth H:
Nutritional status of children living in a community with high HIV
prevalence in rural Uganda: a cross-sectional population-based survey.
Trop Med Int Health 2010, 15(4):414–422.
17. World Health Organization: WHO Child Growth Standards. 2014. http://www.
who.int/childgrowth/en/.
18. Parker ME, Tembo M, Adair L, Chasela C, Piwoz EG, Jamison KJ, Ellington S,
Kayira D, Soko A, Mkhomawanthu C, Martinson F, van der Horst CM, Bentley
ME, BAN Study Team: The health of HIV-exposed children after early
weaning. Matern Child Nutr 2013, 9(2):217–232.
19. Vella V, Tomkins A, Borghesi A, Migliori GB, Adriko BC, Crevatin E:
Determinants of child nutrition and mortality in north-west Uganda. Bull
World Health Organ 1992, 70(5):637–643.
20. Saloojee H, De Maayer T, Garenne ML, Kahn K: What's new? Investigating
risk factors for severe childhood malnutrition in a high HIV prevalence
South African setting. Scand J Public Health Suppl 2007, 69:96–106.
21. Chopra M: Risk factors for undernutrition of young children in a rural
area of South Africa. Public Health Nutr 2003, 6(7):645–652.
22. Kikafunda JK, Walker AF, Collett D, Tumwine JK: Risk factors for early
childhood malnutrition in Uganda. Pediatrics 1998, 102(4):E45.
23. Eldridge C, Palmer N: Performance-based payment: some reflections on
the discourse, evidence and unanswered questions. Health Policy Plan
2009, 24(3):160–166.
24. Logie DE, Rowson M, Ndagije F: Innovations in Rwanda's health system:
looking to the future. Lancet 2008, 372(9634):256–261.
25. UNICEF: The State of the World's Children 2008: Maternal and Newborn
Health. 2009. http://www.unicef.org/sowc09/docs/SOWC09-FullReport-EN.
pdf. Accessed June 11, 2014.
doi:10.1186/1471-2458-14-1132
Cite this article as: Binagwaho et al.: Impact of implementing
performance-based financing on childhood malnutrition in Rwanda.
BMC Public Health 2014 14:1132.
Binagwaho et al. BMC Public Health 2014, 14:1132 Page 8 of 8
http://www.biomedcentral.com/1471-2458/14/1132
